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Amendments to the riaimg' 

Please replace all prior versions and listings of the claims with the following amended 

claims: 



1 . (Currently Amended) A device for fluid cooled micro-scaled heat exchange, the device 
comprising: 

^ plurality of substantially parallel micro-scaled regions having a fluid inlet siH^ 
and a fluid exhaust side configured to permit flow of fluid therethrough; and 
a plurality of inlet channels, interlea ved between the micro-scaled regions and 
coupled to the fluid inlet side of each mic r o-scaled region , wherein a direnfinn nf 
fluid flow in adjacent micro-scaled re g ions is in suhstantiallv op po site directions; 
a plurality of exhaust channels, interleave d between the micro-scaled rep innQ ^nH 
coupled to the fluid exhaust side of each micro-scaled region, wherein th^ 
direction of fluid flow at the exhaust sid e in adjacent micro-scaled ref rinns ,n 
substantiallv opposite directions: and 

a spreader region, wherein the spreader region comprises a first side and a second 
side, wherein the first side is positioned on and coupled to [[the]] a heat source, 
and wherein the second side is coupled to the micro-scaled regions. 

2. (Original) The device in Claim 1 , wherein the spreader region comprises a thickness 
dimension within the range of and including 0.3 millimeter to 1.0 millimeters. 

3. (Currenfly Amended) The device in Claim 1 , wherein the spreader region and the micro- 
scaled regions are both wider than the heat source defining an overhang of the heat 
source, and wherein the pluralitv of micro-s caled regions overlav the heat source 

4. (Currenfly Amended) The device in Claim 3, wherein the overhang of the micro-scaled 
regions is in the range of and including 0.0 millimeters to 15.0 millimeters. 
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(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] microchannels, wherein the microchannels comprise walls. 

(Original) The device in Claim 5, wherein at least one of the microchannel walls has a 
width dimension within the range of and including 10 microns to 100 microns. 

(Original) The device in Claim 5, wherein at least one of the microchannel walls has a 
height dimension within the range of and including 50 microns and 2.0 millimeters. 

(Original) The device in Claim 5, wherein at least two of the microchannel walls are 
separated from each other by a spacing dimension within the range of and including 10 
microns to 150 microns. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] a micro-porous structure. 

(Original) The device in Claim 9, wherein the micro-porous structure comprises a porous 
material with a porosity within the range of and including 50 to 80 percent. 

(Original) The device in Claim 9, wherein the micro-porous structure has an average pore 
size within the range of and including 10 microns to 200 microns. 

(Original) The device in Claim 9, wherein the micro-porous structure comprises a height 
within the range of and including 0.25 millimeter to 2.0 millimeters. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] micro-pillars. 
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(Previously Presented) The device in Claim 13, wherein the micro-pillars comprise a 
plurality of pins, wherein at least one of the plurality of pins has a cross sectional area 
within the range of and including 10 (micron)^ and 100 (microny. 



(Original) The device in Claim 14. wherein at least one of the plurality of pins has a 
height dimension within the range of and including 50 microns and 2.0 millimeters. 



(Original) The device in Claim 14, wherein at least two of the plurality of pins are 
separated from each other by a spacing dimension within the range of and including 10 
microns to 150 microns. 



!tS- 



(Currently Amended) The device in Claim 1, wherein the micro-scaled regions : 
compiii^Ld fium Uicgiuup comErise_anyo2ie.of microchannels, a micro-porous structure, 
and micro-pillars. 



(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] silicon. 



(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] a material with thermal conductivity larger than 25 W/m-K. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] a high aspect ratio micro-machined material. 



(Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] semiconducting material. 
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22. (Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] precision machined metals. 

23. (Currently Amended) The device in Claim 1, wherein the micro-scaled regions 
comprise[[s]] precision machined alloys. 

24. (Original) The device in Claim 1 , wherein the spreader region comprises a material with a 
thermal conductivity value larger than 120 W/m-K. 

25. (Currently Amended) The device in Claim 1, wherein the spreader region is interposed 
between the micro-scaled regions and the heat source. 

26. (Original) The device in Claim 1 , wherein the spreader region comprises copper. 

27. (Original) The device in Claim 1 , wherein the spreader region comprises diamond. 

28. (Original) The device in Claim 1 , wherein the spreader region comprises silicon carbide. 

29. (Original) The device in Claim 1 , wherein the heat source is a microprocessor. 

30. (Original) The device in Claim 1, further comprising a plurality of manifolding layers 
coupled to the spreader region. 

3 1 . (Original) The device in Claim 30, wherein the plurality of manifolding layers comprise 
interwoven manifolds. 
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(Original) The device in Claim 31, wherein the plurality of manifolding layers further 
comprise a plurality of individualized holes for channeling fluid into and out of the 
device. 



(Currently Amended) The device in Claim 1, further comprising a plurality of 
manifolding layers coupled to the micro-scaled regions. 

(Original) The device in Claim 33, wherein the plurality of manifolding layers 
interwoven manifolds. 



(Original) The device in Claim 33, wherein the plurality of manifolding layers further 
comprise a plurality of individualized holes for channeling fluid into and out of the 
device. 



(Currently Amended) The device in Claim 1, further comprising a plurality of fluid paths 
coupled to the micro-scaled regions, wherein the plurality of fluid paths are configured to 
receive fluid and permit the flow of fluid therethrough. 

(Currently Amended) The device in Claim 1, wherein the heat source, the spreader 
region, and the micro-scaled regions are in a monolithic configuration. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by an anodic bonding method. 

(Cuirently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by a fusion bonding method. 
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(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by a eutectic bonding method. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by an adhesive bonding method. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by a brazing method. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by a welding method. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by a soldering method. 

(Currently Amended) The device in Claim 1, wherein the micro-scaled regions and the 
spreader region are coupled by an epoxy method. 

(Original) The device in Claim 1, wherein the fluid comprises water. 

(Currently Amended) The device in Claim 1, wherein the fluid is compiis o d fium llie 
group comprises any one of water, ethylene glycol, isopropyl alcohol, ethanol, methanol, 
and hydrogen peroxide. 
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(Currently Amended) A device for fluid cooled micro-scaled heat exchange comprising: 
^ plurality of substantially parallel micro-scaled regions having a fluid inlf^t qiH^ 
and a fluid exhaust side, configured to permit flow of fluid therethrough, wherein 
each of the micro-scaled regions has a first width, and a thickness; and 
a plurality of inlet channels, interl eaved between the micm-snflled regions anrf 
coupled to the fluid inlet side of each micro-scaled region, wherein a direction nf 
fluid flow in adjacent micro-scaled regions is in substantially opposite directinns; 
a plurality of exhaust channels, in terleaved hefween the micrn-scaled regions and 
coupled to the fluid exhaust side of each micro-scaled region, wherein the 
direction of fluid flow at the exha ust side in adjacent micro-scaled regions is in 
substantially opposite directions: and 

a spreader region with a second width and a thickness, wherein the spreader 
region comprises a first side coupled to [[the]] a heat source havingjJieaLsource 
width and a second side coupled to the micro-scaled regions. 

(Currently Amended) The device in Claim 48, wherein the heat source, the spreader 
region, and the micro-scaled regions are in a monolithic configuration. 

(Currently Amended) The device in Claim 48, wherein the spreader region and the micro- 
scaled regions are both wider than the heat source defining an overhang of the heat 
source, and wherein the plurality of micro -scaled regions overlay the heat sonrr^ 

(Currentiy Amended) The device in Claim 50, wherein the overhang of the micro-scaled 
regions is in the range of and including 0.0 millimeters to 15.0 millimeters. 



(Currently Amended) The device in Claim 48, wherein the micro-scaled i 
comprise[[s]] microchannels, wherein the microchannels comprise walls. 
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(Original) The device in Claim 52, wherein at least one of the microchannel walls has a 
width dimension within the range of and including 10 microns to 100 microns. 

(Original) The device in Claim 52, wherein at least one of the microchannel walls has a 
height dimension within the range of and including 50 microns and 2.0 millimeters. 



(Original) The device in Claim 52, wherein at least two of the microchannel walls are 
separated from each other by a spacing dimension within the range of and including 10 



(Currently Amended) The device in Claim 48, wherein the micro-scaled regions 
comprise[[s]] a micro-porous structure. 



(Original) The device in Claim 56, wherein the micro-porous structure comprises a 
porous material with a porosity within the range of and including 50 to 80 percent. 

(Original) The device in Claim 56, wherein the micro-porous structure has an average 
pore size within the range of and including 10 microns to 200 microns. 



(Original) The device in Claim 56, wherein the micro-porous structure comprises a height 
within the range of and including 0.25 millimeter to 2.0 millimeters. 



(Currently Amended) The device in Claim 48, wherein the micro-scaled regions 
comprise[[s]] micro-pillars. 



(Previously Presented) The device in Claim 60, wherein the micro-pillars comprise a 
plurality of pins, wherein at least one of the plurality of pins has a cross sectional area 
within the range of and including 10 (micron)^ and 100 (micron)^ . 
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(Original) The device in Claim 61 , wherein at least one of the plurality of pins has a 
height dimension within the range of and including 50 microns and 2.0 millimeters. 

(Original) The device in Claim 61, wherein at least two of the plurality of pins are 
separated from each other by a spacing dimension within the range of and including 10 
microns to 150 microns. 



(Currently Amended) The device in Claim 48, wherein the micro-scaled regions is 
compri&cdfiu mthcgiuup comEiiseanjione of microchannels, a micro-porous structure, 
and micro-pillars. 



(Original) The device in Claim 48, wherein the heat source is a microprocessor. 

(Currently Amended) The device in Claim 48, wherein the micro-scaled regions width is 
greater than the heat source width. 

(Currently Amended) The device in Claim 48, wherein the first width i.s greater than the. 
heat sou rce wid th and t h e first width is substantially centered over the. m i V. i- r ^ . . trjil . .1 
region u^ul iajig& on c ddi side of tlio licat souicc by a difFci u iLc bctwcui Uic niiu u " 
s caled legion width diid the respective heat source width. 

(Currently Amended) The device in Claim 67, wherein the difference between the micros 
scaled icgiun firstwidth and the r espective heat source width is in the range of 0.0 
millimeter to 15 millimeters. 

(Currently Amended) The device in Claim 67, wherein the difference between themicro- 
scalcd icgioii firsLwidth and the respeUivc heat source width is in the range of 0.0 
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millimeter to 5.0 millimeters on each side of the heat source when the fluid is single 
phase. 



70. (Currently Amended) The device in Claim 67, wherein the difference between the the 
micro-scalul icgiuu firsL width and the r espective heat source width is in the range of 5.0 
millimeter - 15 millimeters on each side of the heat source when the fluid is two phase. 

71 . (Currently Amended) The device in Claim 48, wherein th e sprcadci icgi u n first side 
further comprises a higher thermal conductivity region coupled to the heat source. 

72. (Cuirenfly Amended) The device in Claim 48, wherein the spreader region is interposed 
between the heat source and the micro-scaled regions. 

73 . (Original) The device in Claim 48, wherein the spreader region comprises copper. 

74. (Original) The device in Claim 48, wherein the spreader region comprises diamond. 

75. (Original) The device in Claim 48, wherein the spreader region comprises silicon carbide. 

76. (Withdrawn) A method for fabricating a fluid cooled micro-scaled heat exchange device 
comprising: 

1 . fabricating a micro-scaled region comprising silicon; 

2. fabricating a spreader region comprising copper; and 

3. coupling the micro-scaled region with the spreader region. 
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(Withdrawn) The device in Claim 76, wherein the spreader region and the micro-scaled 
region are wider than the heat source, and wherein the micro-scaled region overhangs 
with respect to the heat source. 



(Withdrawn) The device in Claim 77, wherein the dimension of the overhang of the 
micro-scaled region is in the range of and including 0.0 millimeters to 15.0 millimeters. 

(Withdrawn) The device in Claim 76, wherein the micro-scaled region comprises 
microchannels, wherein the microchannels comprise walls. 



(Withdrawn) The device in Claim 79, wherein at least one of the microchannel walls has 
a width dimension within the range of and mcluding 10 microns to 100 microns. 



(Withdrawn) The device in Claim 79, wherein at least one of the microchannel walls has 
a height dimension within the range of and including 50 microns and 2.0 millimeters. 



(Withdrawn) The device in Claim 79, wherein at least two of the microchannel walls an 
separated from each other by a spacing dimension within the range of and including 10 
microns to 150 microns. 



(Withdrawn) The device in Claim 76, wherein the micro-scaled region comprises a 
micro-porous structure. 

(Withdrawn) The device in Claim 83, wherein the micro-porous structure comprises a 
porous material with a porosity within the range of and including 50 to 80 percent. 

(Withdrawn) The device in Claim 83, wherein the micro-porous structure has an avera 
pore size within the range of and including 10 microns to 200 microns. 
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(Withdrawn) The device in Claim 83, wherein the micro-porous structure comprises a 
height within the range of and including 0.25 millimeter to 2.0 millimeters. 

(Withdrawn) The device in Claim 76, wherein the micro-scaled region comprises micro- 
pillars. 

(Withdrawn) The device in Claim 87, wherein the micro-pillars comprise a plurality of 
pins, wherein at least one of the plurality of pins has a cross sectional area within the 
range of and including (10 micron)^ and (1 00 micron)^ 

(Withdrawn) The device in Claim 88, wherein at least one of the plurality of pins has a 
height dimension within the range of and including 50 microns and 2.0 millimeters. 

(Withdrawn) The device in Claim 88, wherein at least two of the plurality of pins are 
separated from each other by a spacing dimension within the range of and including 10 
microns to 150 microns. 

(Withdrawn) The device in Claim 76, wherein the micro-scaled region is comprised from 
the group of microchannels, a micro-porous structure, and micro-pillars. 

(Withdrawn) The method of Claim 76, wherein the micro-scaled spreader region is 
fabricated from precision machined metals. 

(Withdrawn) The method of Claim 76, wherein the micro-scaled spreader region is 
fabricated from precision machined alloys. 
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(Currently Amended) A system for fluid cooled micro-scaled heat exchange comprising: 
means for spreading heat [[with]] having a width and fomiing a spreader region, 
wherein the means for spreading heat is coupled to a heat source; 
means for supplying fluids; and 

means for micro-scaled fluid flow through a plurality of suhstantiallv 
micro-scaled regions configured to receive fluid from the means for supplying 
wherein the means for mi c ro - sc aled fluid flow p roduces r fluiH flm., that 
in substantially opposing directions for adjacent m^cro-scaled rt^p inn., ^nH 
wherein the means for micro-scaled fluid flow is coupled to the means for 
spreading heat. 

(Currently Amended) The device in Claim 94. wherein the spreader region and flie micro- 
scaled regions are both wider than the heat source defining an overhang of the heat 
source. 



(Currently Amended) The device in Claim 95. wherein the overhang of the micro-scaled 
regions is in the range of and including 0.0 millimeters to 15.0 millimeters. 

(Currently Amended) The device in Claim 94. wherein flie micro-scaled regions 
comprise[[s]] microchannels, wherein the microchannels comprise walls. 

(Original) The device in Claim 97, wherein at least one of the microchannel walls has a 
width dimension within the range of and including 10 microns to 100 microns. 

(Original) The device in Claim 97, wherein at least one of the microchannel walls has a 
height dimension within the range of and including 50 microns and 2.0 millimeters. 
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100. (Original) The device in Claim 97, wherein at least two of the microchamiel walls 

separated from each other by a spacing dimension within the range of and including 10 



are 



microns to 150 microns. 



101. (Currently Amended) The device in Claim 94, wherein the micro-scaled regions 
comprise[[s]] a micro-porous structure. 



1 02. (Original) The device in Claim 101, wherein the micro-porous structure comprises a 
porous material with a porosity within the range of and including 50 to 80 percent. 

103. (Original) The device in Claim 101, wherein the micro-porous structure has an average 
pore size within the range of and including 10 microns to 200 microns. 



1 04. (Original) The device in Claim 101, wherein the micro-porous structure comprises a 
height within the range of and including 0.25 milluneter to 2.0 millimeters. 

1 05. (Currently Amended) The device in Claim 94, wherein the micro-scaled regions 
comprise[[s]] micro-pillars. 



(Previously Presented) The device in Claim 105, wherein the micro-pillars comprise a 
plurality of pins, wherein at least one of the plurality of pins has a cross sectional area 
within the range of and including 10 (micron)* and 100 (micron)^ 



107. (Original) The device in Claim 1 06, wherein at least one of the plurality of pins has i 
height dimension within the range of and including 50 microns and 2.0 millimeters. 
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(Original) The device in Claim 106, wherein at least two of the plurality of pins are 
separated from each other by a spacing dimension within the range of and including 10 
microns to 150 microns. 



1 09. (Currently Amended) The device in Claim 94, wherein the micro-scaled regions is 

computed nuni Qit gioup comprise any one of microchannels, a micro-porous structure, 
and micro-pillars. 
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